Blake's pouch cyst is a posterior fossa cystic malformation characterized by a infracerebellar cyst, absence of communication between the fourth ventricle and the subarachnoid space, and tetraventricular hydrocephalus. Children with Blake's pouch cyst typically present with macrocephaly due to hydrocephalus during the neonatal period or infancy. Atypical presentation is, however, possible. Here we present clinical and neuroimaging findings, as well as management and outcome, of an 18-month-old girl with atypical presentation of Blake's pouch cyst characterized by cerebellar ataxia. Familiarity with the neuroimaging findings of Blake's pouch cyst and differentiation between Blake's pouch cyst and other posterior fossa cystic malformations is important in terms of diagnosis, management, prognosis, and counseling of the affected families.
Introduction
Blake's pouch cyst (BPC) is an uncommon cystic malformation of the posterior fossa. 1 The Blake's pouch is a physiological, transient, structure during the embryological development of the posterior fossa. 2 It is a marked midline protrusion of the intact roof of the fourth ventricle (inferior medullary velum) that extends posteriorly and inferiorly to the cerebellar vermis and initially does not communicate with the surrounding subarachnoid space. The subsequent fenestration of the Blake's pouch results in the foramen of Magendie. The lack of fenestration of the Blake pouch is thought to result in BPC, absence of communication between the fourth ventricle and the subarachnoid space, and, hence, tetraventricular hydrocephalus. 1 Children with BPC typically present with hydrocephalus, macrocephaly, and other findings of obstructed cerebrospinal fluid (CSF) flow within the neonatal period or early infancy. 3 However, BPC may also present later in life with cerebellar ataxia, nystagmus, or vertigo as the main features. 3 We report on clinical features, neuroimaging findings, management, and follow-up data of a child with an atypical presentation of a BPC, and review the available literature.
Case report
Our patient is an 18-month-old girl with cerebellar dysfunction, an unusual clinical presentation of BPC.
She is the third child of healthy non-consanguineous parents. Her siblings are healthy. Pregnancy was uneventful. She was born by spontaneous vaginal delivery at term and had a normal neonatal adaptation. Her birth weight was 2520 g (5 th percentile), length 47 cm (10 th percentile). She had a normal global development until the age of about 18 months (at 13 months of age she was able to walk independently) when she slowly developed a cerebellar dysfunction including truncal and limb ataxia as well as bilateral intention tremor. At presentation to our hospital, the neurological examination revealed a macrocephaly (head circumference was 52 cm, 2.2 cm above the 97 th percentile), hyperreflexia on all four extremities, and a positive Babinski sign bilaterally. In retrospect, head circumference started to increase disproportionally from about 14 months of age. A brain magnetic resonance imaging (MRI) showed a marked dilatation of the lateral, third, and fourth ventricles, a communication between the fourth ventricle and an infravermian cystic component that causes mild mass effect and indentation of the inferior vermis, a normal sized posterior fossa, and a normal morphology of the cerebellar vermis ( Figure 1 ). In addition, flow voids are seen at the level of the Sylvian aqueduct suggesting increased CSF velocity and increased intracranial pressure. A sagittal contrast-enhanced T1-weighted image revealed an inferior displacement of the fourth ventricle choroid plexus along the antero-superior aspect of the cyst ( Figure  1 ). An axial T2* sequence did not reveal blood products within the posterior fossa. The diagnosis of a BPC was made and a neurosurgical procedure with an endoscopic third ventriculostomy (ETV) was planned. Due to the acute worsening of the child's health (vomiting, acute worsening of ataxia, and irritability), an emergency placement of a ventriculo-peritoneal (VP) shunt with a programmable valve (Strata II, Level 1.5, Medtronic) was performed. In the days following neurosurgery, vomiting, ataxia, and irritability improved, and the child was discharged home. Two months after surgery, a follow-up MRI showed bilateral subdural hygromas that were drained by burr holes surgery. At the most recent clinical follow-up at the age of 3.5 years, the patient was developing well, and did not present any cerebellar sign.
Discussion
Cystic malformations within the posterior fossa include the Dandy-Walker malformation (DWM), BPC, arachnoid cysts, and mega cisterna magna (MCM). 1, 4 Although posterior fossa cystic malformations are rather common findings in pediatric neuroimaging, several difficulties and controversies in terminology exist and cause a large confusion in the daily practice. Terms such as ''Dandy-Walker complex'' or ''Dandy-Walker spectrum'' have been used to characterize the whole spectrum of posterior fossa cystic malformations. This has led to a lack of specificity with regards to the definition of these terms and confusion over ''true'' DWM. The diagnosis of DWM, BPC, posterior fossa arachnoid cysts, and MCM is based on neuroimaging findings and these entities may be differentiated based on the neuroimaging pattern (Table1). Differentiation between these posterior fossa cystic lesions is important in terms of diagnosis, management, prognosis, and counseling of the affected families. If neuroimaging diagnostic criteria do not allow one to distinguish DWM from other posterior fossa malformations, a detailed anatomical description (e.g. inferior cerebellar vermis or global cerebellar hypoplasia) is highly recommended and preferable over non-specific terms such as ''Dandy-Walker variant' which should be avoided or even better abandoned. The BPC is characterized by the presence of a CSF-filled cyst in a purely infravermian or infra-retrovermian location. This cyst is essentially a diverticulum of the inferior fourth ventricle, which is variably enlarged, ranging from mild (when there is retrocerebellar extension of the BPC with some degree of mass effect on the cerebellum and the fourth ventricle) to marked (particularly when the BPC is purely infravermian) enlargement. The posterior fossa is typically normal in size. Due to the enlargement of the fourth ventricle, the fourth ventricle choroid plexus is stretched inferior to the vermis along the antero-superior aspect of the cyst. The stretched choroid plexus is best visualized as an enhancing structure on sagittal contrast-enhanced T1-weighted images. 2 Mild mass effect may result in indentation of the inferior vermis or of the caudal and medial aspects of the cerebellar hemispheres. The cerebellar vermis, however, is normal in size and not rotated, allowing the differentiation between BPC and DWM. MRI typically does not allow the visualization of the cyst wall that may be seen to some extent using a fast imaging employing steady-state acquisition (FIESTA) sequence. The consistent presence of a tetraventricular (supra-and infratentorial system) hydrocephalus allows the differentiation between BPC and posterior fossa arachnoid cysts as well as MCM. Supratentorial morphologic abnormalities other than hydrocephalus are usually absent. Dynamic CSF flow studies are usually not needed for the diagnosis, but may provide additional information about the effect of BPC on the CSF flow that may help the management. In BPC, dynamic CSF flow studies may show no flow between the cyst and the posterior cervical subarachnoid space and hyperdynamic pulsatile flow within the third ventricle, Sylvian aqueduct, and fourth ventricle due to tetraventricular hydrocephalus. 5 BPC occurs sporadically and no recurrence risk has been reported. BPC is believed to result from a failure of embryonic assimilation of the area membranacea anterior within the tela choroidea associated with consequent lack of perforation of the foramen of Magendie. 2, 5 Therefore, the ependymal wall of the fourth ventricle extends through the foramen of Magendie and there is absence of communication between the fourth ventricle and the subarachnoid spaces, which usually results in hydrocephalus. In these cases, a postnatal re-expansion of Blake's pouch remnants has been postulated as a possible pathomechanism. 6 In addition, blood products or fibrin sheaths after intraventricular hemorrhage or central nervous system infection, respectively, may obstruct the initially fenestrated Blake's pouch and cause a neuroimaging pattern similar to a malformative BPC (acquired BPC). 3, 7 Susceptibility-weighted imaging (SWI) may help to differentiate a malformative BPC from an acquired, post-hemorrhagic BPC.
Macrocephaly during the neonatal period or infancy caused by tetraventricular hydrocephalus with increased intracranial pressure is the most common presenting feature of BPC.
3 BPC, however, may also present later in life without hydrocephalus. In these patients, the normal function of the foramina of Luschka may help to maintain the CSF flow between the fourth ventricle and subarachnoid space and prevent the development of hydrocephalus. In rare cases, a postnatal or secondary development of BPC has been reported after an intercurrent event such as trauma or infection. 3, 7 Other possible presentations include cerebellar ataxia, which may be acute or slowly progressive as in our patient, nystagmus or vertigo that may develop after an intercurrent event (typically after head trauma). 3, 7 Exceptionally, BPC may present with symptoms of syringo-hydromyelia. 8 The treatment of the BPC is surgical. The best procedure is the placement of VP-shunt as in our patient, but endoscopic third ventriculostomy has been reported as an alternative and less invasive therapeutic option. 3, 8 A fenestration of the cyst is often insufficient and carries more risks than the ETV or VP-shunt placement. We are not aware of studies on neurodevelopmental and cognitive outcome in children with BPC. The prognosis seems to depend mostly on complications related to the hydrocephalus and its treatment. In absence of shunting-related complications, the prognosis appears to be favorable due to the normal cerebellar structure.
In conclusion, BPC is a posterior fossa cystic malformation that typically presents with macrocephaly during the neonatal period or infancy. Atypical presentations including cerebellar ataxia are possible. BPC has characteristic neuroimaging findings that allow to differentiate BPC from other posterior fossa cystic malformations such as DWM, arachnoid cysts, and MCM. Differentiation between these cystic posterior fossa lesions is important in terms of diagnosis, management, prognosis, and counseling of the affected families.
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